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Abstract of JP6007055 

PURPOSETo obtain the subject apparatus capable 
of generating oxygen foam excellent in dissolving 
property of oxygen to water by installing a specific 
oxygen foam generating member composed of 
porous carbon material. CONSTITUTIONS foam 
generating part of oxygen foam generator 2 sunk in 
underwater position W1 in a water tank W on the top 
of an oxygen blowing device 1 is composed of a 
porous carbon material. Average radius of holes of 
this carbon material measured with a mercury 
porosimeter is set to 2.0-0.6mum and a ratio of the 
accumulative volume A of holes having >=4.0mum 
radius to the accumulative volume B of holes having 
>=0.01mum radius is set to <=0.2. 
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(54) Title of invention: Oxygenation device 
(57) Summary 

(Construction) In this invention the oxygen aspiration device has carbon 
material at its tip to produce oxygen bubbles in seawater in tanks. The carbon 
material contains holes with average radii as measured by a mercury 
porosimeter in the range 0 to 0.6 finy if A represents the cumulative volume of 
the holes of radius 4.0 jim and larger and B represents the cumulative volume 
of the holes of radius 0.01 yxn and larger, the ratio A/B is set to a value £ 0.2. 

(Result) This enables the oxygen bubble generator to be properly wetted by the 
water and to penetrate effectively into the water in the tank. Accordingly, the 
amount of dissolved oxygen in the water is increased so that a large number of 
fish can be kept alive in a small amount of water. For this reason, the water 
tank can be smaller, which reduces the cost per fish of transport in the small 
spaces available in vehicles, aircraft, etc., and supplying customers with live 
fish at low cost. 

(Scope of patent application) 

(Application Item 1) This is principally an oxygenation device for use in water 
tanks holding live fish for food. The principal component is made of carbon 
containing many small holes. The average radius of these holes as measured by 
mercury porosimeter ranges from 2.0 to 0.6 urn. If A represents the cumulative 
volume of the holes of radius 4.0 urn and larger and B represents the 
cumulative volume of the holes of radius 0.01 (am and larger, the ratio A/B is 
set to a value :£ 0.2. The feature of this oxygenation device is its material that 
generates oxygen bubbles. 

(Application Item 2) The feature of the oxygenation device described in 
Application Item 1 is that the material that generates oxygen bubbles has a 

cumulative volume of 0.08 to 0.17 cm 3 /g of holes with radius 0.01 jam and 
larger. 

(Detailed explanation of invention) 
(0001) 

(Field of use in industry) This invention relates to an oxygenation device 
which, in greater detail, is mainly for used in water tanks holding live fish for 
food. 
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(0002) 

(Existing technology) In general the oxygenation devices used in water tanks 
holding live fish for food are connected to oxygen generators, and are so 
constructed that oxygen bubbles are generated at the tip of the material 
immersed in fresh water or seawater in the tank. In addition, existing oxygen 
bubble generators are made of plastic, sintered alloy, glass or ceramics. 

(0003) 

(Problems to be solved by the invention) 

However, with existing technology, when the oxygen bubble generator is made 
of plastic or sintered alloy, the plastic or sintered alloy is poorly wetted by fresh 
water or seawater, so that coarse bubbles adhere to the surface of the material; 
when the material is glass with holes formed by mechanical processes, it is 
difficult to form very fine holes and only coarse bubbles can be generated. 
When ceramic material is used, the ceramic contains few holes (micropores) of 
the right shape to form good quality bubbles, as it is difficult to form very small 
holes. 

(0004) 

This invention, therefore, is designed to remedy the deficiencies of existing 
oxygen bubble generators as described above, by providing an oxygenation 
device that can efficiently generate oxygen bubbles with excellent solubility in 
water. 

(0005) 

(Method of solving the problem) 

This invention is an oxygenation device for use mainly in water tanks 
containing live fish for food. The principal component is made of a carbon 
material containing a large number of small holes. The average radius of these 
holes as measured by mercury porosimeter ranges from 2.0 to 0.6 j*m. If A 
represents the cumulative volume of the holes of radius 4.0 \xm and larger and 
B represents the cumulative volume of the holes of radius 0.01 ^m and larger, 
the ratio A/B is set to a value <> 0.2. The feature of this oxygenation device is its 
material that generates oxygen bubbles. 

(0006) 

Furthermore, the oxygen bubble generator described above contains holes with 
an average radius of 0.01 or larger, giving a cumulative volume of 0.08 to 
0.17 cm 3 / g. This feature in particular enables the construction of an 



oxygenation device that efficiently generates oxygen bubbles that dissolve 
readily in fresh water or seawater. 

(0007) 



(Effect) If an oxygen bubble generator is made of carbon material as described 
above, it is easily wetted by fresh water or seawater and, moreover, the average 
hole radius in the carbon material and the value of A/B as defined above are 
set to the values stated, the oxygen bubbles generated can be extremely fine 
and relatively uniform. The bubbles generated do not adhere to or accumulate 
on the bubble generating material due to the high wettability of carbon, but are 
released into the water, leading to good dissolution of oxygen in the water, 

(0008) 



(Example) 

A diagram is given below with a detailed explanation of the oxygenation 
device as an example to show the advantages of this invention. 

(0009) 

Figure 1 shows a water tank containing live fish for food, in which an 
oxygenation device based on this invention is installed. 



(0010) 

In Figure 1 as described above, W denotes the water tank; oxygenation device 
1 is installed in water tank W. 



(0011) 

Oxygenation device 1 as described above has at its tip the oxygen bubble 
generator 2 immersed in the water Wl in water tank W. The number of these 
oxygen bubble generators 2 installed depends on the size of water tank W. 
Each oxygen bubble generator 2 as described above is connected by tubing 3 to 
9X1 ox ygen generator (not shown) outside water tank W. Oxygen is supplied 
through the tubing, thereby generating oxygen bubbles in the water Wl. 

(0012) 



The oxygen bubble generator 2 described above (shown in Figures 2 and 3) has 
an almost cylindrical body 4 sealed off at the tip. Although body 4 is 
cylindrical, its external shape, as shown in Figures 4, 5 and 6, is rectangular, 
and the opening may also have a rectangular cross-section. The rear end of the 
body 4 as described above contains the opening, joined to tubing 3 by means of 
metal cap 5. 



» 
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(0013) 

The oxygen bubble generator 2 described above is made of a carbon material 
containing large numbers of very small holes (not shown). This carbon 
material is made by mixing carbon-containing raw material such as corks and 
carbon black with pitch, using a heat-carbonised synthetic resin as a binder, 
then moulding and baking; it can be formed by standard methods including 
conversion to graphite if necessary. Of course the baked articles are 
impregnated with pitch and then baked again. This impregnation process may 
be repeated several times. 



(0014) 



:ular, using a carbon raw material with particle diameter no larger than 
rid the CIP moulding method, uniform holes can be made with a sharp 
tion, which is particularly desirable. 



(0015) 



In addition to carbon material made by the standard method, synthetic resin 
carbonised by heat can be used alone, or carbon fibre can be used as a filler for 
moulding and carbonisation. 

(0016) 

Oxygen bubble generators manufactured as described above have the average 
radius of holes already stated. With A representing the cumulative volume of 
the holes of radius 4.0 ]um and larger and B representing the cumulative volume 
of the holes of radius 0.01 (im and larger, the ratio A/B was set to the values 
listed in Table 1, forming test materials 1 to 9. Three oxygenation devices 1, 
consisting of body 4 and oxygen bubble generator 2 and made of test materials 
1 to 9, were installed in plastic water tanks containing 50 litres of seawater and 
measuring 45 cm by 45 cm with a depth of 60 cm. The dimensions of the 
oxygen bubble generators was 11 mm diameter by 50 mm. The oxygenation 
device was used to introduce a volume of 120 cc of oxygen at a pressure of 0.5 
kg/ cm 2 . The oxygen bubbles formed were observed to be very small and 
uniform, and were considered to be satisfactory in form. The amount of 
dissolved oxygen in each water tank was also measured. Approximately 20 kg 
of red snapper were placed in each water tank, and the survival rate was 
calculated after ten water tanks had been transported by truck for 24 hours. 
The results are shown in Table 1. 
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(0017) 



(Table 1) 





Characteristics of carbon material 


State of 
bubbles 


Dissolved 
oxygen 


Fish 

survival 

% 


Average hole 
radius (|im) 


A (cc/g) 


B (cc/g) 


A/B 


Test material 1 


2.0 


0.01 


0.17 


0.06 


Good 


0.9 


100 


2 


1.1 


0 


0.12 


0 


Good 


1 


100 


3 


0.6 


0 


0.8 


0 


Good 


0.9 


100 


4 


2.0 


0.02 


0.20 


0.10 


Good 


0.7 


90 


5 


0.6 


0 


0.05 


0 


Good 


0.7 


90 


6 


2.0 


0.06 


0.20 


0.30 


Coarse 


0.4 


75 


7 


0.5 


0 


0.04 


0 


Uneven 


0.3 


70 


8 


2.2 


0.03 


0.22 


0.14 


Coarse 


0.4 


75 


9 


3.0 


0.08 


0.24 


0.33 


Coarse 


0.4 


75 



(0018) 



In the table, the amount of dissolved oxygen was measured by Winkler's 
method with experimental material 2 being assigned a relative value of 1. 

(0019) 

Table 1 shows that, where the average radius of holes in the carbon material 
making up the oxygen bubble generator is in the range 2.0 to 0.6 |jm and the 
value of A/B is less than or equal to 0.2, i.e. A/B ^ 0.2, the oxygen bubbles 
formed are sufficiently fine and uniform. Accordingly, there is a large quantity 
of oxygen dissolved in the water, and as a result the survival rate of the fish is 
satisfactory at 90% or better. 

(0020) 

As an example for comparison, a conventional plastic oxygen bubble generator 
was used with twice the amount of seawater as above, with all other conditions 
being the same. The state of the oxygen bubbles, the amount of dissolved 
oxygen, and the survival rate of the fish were measured, giving poor results 
with coarse bubbles, dissolved oxygen at 0.3, and 68% survival of fish. 

(0021) 

The oxygen pressure in the above experiment was varied between 1.5 and 0.1 
kg/ cm 2 while the state of oxygen bubbles, amount of dissolved oxygen, and 
fish survival rate were measured. The desirable range of oxygen pressure was 
found to be from 0.8 to 0.2 kg/cm 2 . 

(0022) 

(Effectiveness of invention) As explained above, the oxygenation device 
invented here enables oxygen bubbles to be introduced efficiently into water in 
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tanks, dissolving a satisfactory amount of oxygen in that water and making it 
possible to keep large numbers of fish alive in a small volume of water. Fish 
tanks can theref ore be smaller so that they fit into limited space available in 
vehicles and aircraft, making it possible to transport fish in ways that have not 
been possible until now. This reduces the transport cost per fish and enables 
live fish to be supplied to customers at low cost. 

(Simple explanation of figures) 

(Figure 1) Explanatory line diagram of a water tank in which is installed the 
oxygenation device which is a practical example of this invention. 

(Figure 2) Cross-section diagram of the oxygen bubble generator at the tip of 
the oxygenation device. 

(Figure 3) Front view of the oxygen bubble generator. 
(Figure 4) Front view of a modified form of the oxygen bubble generator. 
(Figure 5) Front view of a modified form of the oxygen bubble generator. 
(Figure 6) Front view of a modified form of the oxygen bubble generator. 
(Explanation of symbols) 

1 Oxygenation device 

2 Oxygen bubble generator 
4 Body 

(Continued from first page) 
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